
Supporting Mutation Breeding Approaches to Develop New Crop Varieties Adaptable to Climate Change
RAS/5/056

November 5th -9th, 2012
Hosted by 
International Atomic Energy Agency

 Department of Agriculture and Food of Western Australia

WA State Agricultural Biotechnology Centre

Perth, Australia

Contributors to this course:

Sponsoring Companies

We thank the following companies for supplying reagents for this course

fB
fisher biotec
australia


    [image: image15.png]




                          [image: image2.png]€ Bio-Rad - Windows ol
QL= @ Criam ~| &% | x [[= bio red company logo p -

Fie Edit View Favorites Tools Help

2% [ o ros compary o ] - 4 reroos - 45 Teon - COBEIIEO0 - o< o-[JENEEE OMn WK hY"

S Favorites | 3 [ Suggested Sites v ] Web Slice Gallery v

@ Bio-Rad % v B - ) # v Pagev Safety~ Toos~ @+
g Cart P

'BIo-RAD T

English Log InRegister | My Bio-Rad | Contact Us | Help | Corporate

Life Science Research  Clinical Diagnostics ~ Spectroscopy ~ Process Separations  Food Science  Life Science Education

g i TANGO"optimo

TANGO opimo System | Leam Moro

Find Products & Information

Previously Viewed ltems | Quick Order | News

Help | Contact Us | Careers | Trademarks | Ste Terms | Terms & Condtions | Privacy

@ Intemet | Proected Mode: On

I8 L T h DOUOE e B NN

—





Lectures

Prof Rudi Appels
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Dr Chengdao Li

Dr Qisen Zhang
Preparation and demonstration of experimental program

Ms Sharon Westcott
Mr Ying Wang

We gratefully acknowledge Dr Dora Li who previously prepared this course and from where this manual has been edited.
1. General

1.1. introduction

We have designed this course for members of the agricultural, scientific, educational and commercial community who have some knowledge in Molecular Biology and who want to obtain hands-on experience as well as an overview over current Molecular Mapping techniques. The theoretical component of the course will cover principle topics such as genetic markers, DNA structure, PCR and electrophoresis before discussing the main molecular mapping techniques, AFLP, SNP and Microsatellite analysis in detail. The practical component will give the participant hands-on experience with all of these techniques as well as an opportunity to analyze the data obtained using the various software packages. 

The aim of this course is to lead the participant through the complete process of generating genetic markers ranging from the choice of the suitable method for a given organism to the computer analysis of data and generation of a genetic linkage map. 

We would like to thank the biotechnology companies Fisher Biotec, Bioline and Biorad for generously sponsoring PCR and DNA extraction reagents.
We trust that the workshop will meet your needs. 
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1.2. experimental timetable 

	Monday
	Tuesday
	Wednesday
	Thursday
	Friday

	9.00-10.00
	Lecture 1
	9.00-10.30


	Set up PCR for BSA barley samples
	8.30-9.30
	Dissemble microsat gels and stain
	8.30-10.45
	Visit Kingspark and Shenton Park  
	9.00-10.30
	Map construction and QTL analysis lectures and demo

	10-10.30
	Safety talk and SABC tour
	
	
	9.30-10.30
	PCR for Wheat samples
	
	
	
	

	10.30-11.00
	MORNING TEA
	10.30-11.00
	MORNING TEA
	10.30-11.00
	MORNING TEA
	10.45-11.15
	MORNING TEA
	10.30-11.00
	MORNING TEA

	10.00-11.30
	HTP extraction from leaf and seed
	11.00-12.30


	Lecture 3
	11.00-12.00
	Set up Acrylamide gels for SSCP
	11.15-12.30
	Visit UWA 
	11.00-12.30
	Analysis of own results

	11.30-12.30
	HTP extraction from leaf and seed 
	
	
	12.00-12.30
	Score Microsat gels
	
	
	
	

	12.30-1.30
	LUNCH
	12.30-1.30
	LUNCH
	12.30-1.30
	LUNCH
	12.30-1.30
	LUNCH
	12.30-1.30
	LUNCH

	1.30-3.00

	HTP extraction 
From leaf and seed continued

	1.30-3.00


	Set up Acrylamide gels 
	1.30-2.00
	Load PCR for wheat samples 
	1.30-3.30
	Visit UWA and Cottesloe 
	1.30-3.00


	Basic bioinformatic tools and primer design

	
	
	
	
	2.00-3.00
	Load SSCP gels
	
	
	
	

	3.00-3.15
	AFTERNOON  TEA
	3.00-3.15
	AFTERNOON TEA
	3.00-3.15
	AFTERNOON TEA
	3.30-4.00
	AFTERNOON

TEA
	3.00-3.15

	AFTERNOON

TEA 

	3.15-4.00
	Setup PCR for SSCP 
	3.15-4.00
	Load acrylamide gels
	3.15-4.20
	Look at Wheat results and score
	4.00-5.00 
	Look at results of SSCP gels and score
	3.15-4.30
	Lecture to summarise results

	4-5.30
	Lecture 2
	4.00-5.00
	Lecture 4 
	4.20-5.30
	Multiplexing demo 
	
	
	4.30-5.00
	Close 


	No.
	Day
	Lecturer
	Topics

	1
	Monday
9.00-10.00
	Prof Mike Jones

	Molecular Technologies


	2
	Monday
4.00-5.30
	Prof Rudi Appels
	

	3
	Tuesday 
11.00-12.30
	
	

	4
	Tuesday
4.00-5.00
	
	


1.3. LECTURE TIME

 
2. Laboratory course

2.1. safety

Molecular techniques have the advantage that all the reagents are handled in the scale of microliters or milliliters and that it is easy to confine these small volumes and avoid contact with them. Nevertheless, every precaution has to be taken to avoid contamination or ingestion of chemicals or biological material. 

The main guidelines are:

· NO FOOD, DRINK OR SMOKING IN LABORATORIES

· PROTECTIVE CLOTHING (LAB COAT, CLOSED SHOES) HAS TO BE WORN

· SAFETY GLASSES HAVE TO BE USED 
· GLOVES HAVE TO BE USED 

· VOLATILE REAGANTS MUST BE HANDLED IN A FUME HOOD

Particular care should be taken when using:

Acrylamide: Acrylamide is a dangerous neurotoxin; gloves have to be worn at all times. The polymerised form of acrylamide (the polyacrylamide gel(PA)) is not dangerous because the reactive sites of the compound are saturated, but small amounts of the unpolymerised form can still be present so that the gel should also be handled with gloves. Safety glasses have to be worn when PA-gels are poured. 

Ethidium bromide: Ethidium bromide (EtBr) is a carcinogenic compound because it intercalates into DNA strands (which is the reason why we use it) and gloves have to be worn at all times.

UV-light: EtBr stained DNA is visualised by high energy UV-light (254 nm). A face mask, long-sleeve lab coat and gloves should be worn to protect the skin (and particularly the eyes) from the UV radiation. The time of exposure should be kept short.

Fluorescent dyes: The toxicity of modern fluorescent dyes is not clear. To be on the safe side, avoid contact with skin and ingestion (the price of the chemicals usually also brings about a lot of concern about spilling them....) 

Liquid nitrogen: Skin contact with small amounts of liquid nitrogen is harmless EXCEPT for contact with EYES. Therefore safety glasses should be worn when handling liquid nitrogen. 

2.2. experimental program

2.2.1.   Plant DNA extraction 

The extraction of DNA from any tissue can be achieved using a variety of techniques. The selection of the most appropriate method is based on the quality and the quantity of the DNA required, taking into account the number of samples and the end usage of the DNA produced. Where DNA is extracted for use in simple PCR based assays, and large numbers of individual samples are to be processed, a high throughput method will be the method of choice. Although efficient in extracting DNA from a large number of samples, high throughput techniques often yield smaller amounts of lower quality DNA. For more complicated molecular biology techniques, such as AFLPs and RFLPs, larger amounts of higher quality DNA are required and so different, more stringent techniques are used for DNA extraction.  

For mapping purposes, a high throughput method is most suitable especially when either leaves or seeds can be used and this will be demonstrated in the workshop.
2.2.1.1.   High throughput DNA Extraction Protocol
This method has been adapted for use with the tissue lyser for the high throughput extraction of DNA in a 96 well format.   It can be used for a range of tissue types and yields stable DNA of moderate quality which can be used for the majority of downstream marker applications. Each group will extract 32 samples.  
HTP extraction 
From leaf and seed
Collect ion of samples

Cut two 1cm pieces of leaf for each sample and place into the wells as shown below
	Parent 1
	Parent 2
	15
	16

	1
	2
	17
	18

	3
	4
	19
	20

	5
	6
	21
	22

	7
	8
	23
	24

	9
	10
	25
	26

	11
	12
	27
	28

	13
	14
	 Seed 1
	 Seed2 
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Two barley seeds have been been placed into each well of a 96 well plate, to demonstrate that the same method can be used for both leaf and seed. 
[image: image3.png]



· Add 250 l of Buffer I (200 mM Tris-HCl pH 8, 250mM NaCl, 25mM EDTA pH 8) and a single ball bearing to each sample and cap tightly.
· Grind samples to a slurry by shaking for 2 min, at 25 hertz, using the Tissue lyser  (repeat if samples are not sufficiently ground)

· To a fresh 96 well plate, add 10l of Extraction buffer II (5% SDS), one well for each sample.
· Transfer 90l of the ground extraction mix (avoiding particulate matter) to the plate containing Extraction buffer II 
· Incubate for one hour at 650C
· Centrifuge samples at 4500 rpm for 10 minutes
· In a fresh 96 well plate, add 100l of 100% ethanol (one well for each sample).

· Add 50l of the supernatant from the centrifuged extraction mix to the plate containing the ethanol and mix gently using a pipette.
· Centrifuge the samples at 4100 rpm for 30 minutes.
· Transfer supernatant to a fresh 96 well plate containing 50l of 70% ethanol
· Centrifuge the samples at 4100 rpm for 5 minutes.

· Carefully remove the supernatant and air dry the pellets in an inverted position.
· Resuspend the pellets overnight at 40C in 100l of 0.1 X TE buffer.
2.2.2.   Molecular markers
Molecular markers commonly fall into two broad categories, those which are linked to traits of interest and those which are located with the gene responsible for a trait of interest. Both types of markers are extremely useful in molecular analysis and mapping studies and will be used in this course.  
In order to obtain good amplification in PCR-based markers, it is important to optimise the reaction conditions for the template being used. Parameters such as template, primer, buffer, MgCl2+ and enzyme concentrations all have an effect on the efficiency of the PCR, as can the thermal cycling conditions. 
2.2.3.   Single Nucleotide Polymorphisms (SNPs) based markers
The success of marker assisted selection (MAS) in modern breeding programs depends on the development of molecular marker systems that are not only more efficient and cost-effective, but are also amenable to automation and high throughput approaches to handle large segregating populations.  The majority of current molecular marker systems require gel-based analysis of fragments, via either agarose or acrylamide.  
In recent years, newer and more efficient marker systems based on variation within a single nucleotide have emerged as a powerful alternative to standard allele-specific marker systems, such as the new generation markers, called single nucleotide polymorphisms (SNPs).  These marker systems are amenable to high-throughput analysis due to the fact that they are dominant assays.  There are many ways to analyse a single nucleotide change, however, the method demonstrated in this workshop is based on Single Strand Conformation Polymorphism (SSCP).
SSCP involves the denaturation of the double stranded DNA, which in turn may change the single DNA strand’s shape.  The difference in shape of the two single strands causes them to migrate at different speeds through a gel.
 To illustrate the applications of the SNP technique, we will be assaying a semi dwarf gene from barley.

Note this technique requires the use of a formamide denaturing buffer that is quite harmful.  Please take caution to discard all associated waste in a formamide waste container. 

SNP-PCR reaction 
· You will require a master-mix for 16 samples (2 rows of a standard PCR plate). To account for pipetting error, master mix sufficient for 20 samples should be prepared.

	volume per sample
	
reagent
	volume in

20-times master-mix

	1 (l
	10 x Polymerisation buffer 
(Bioline)
	20(l

	0.3 (l
	50 mM MgCl2
	6(l

	1 (l
	Forward primer (10 pmol/(l)
	20(l

	1 (l
	Reverse primer (10 pmol/(l)
	20(l

	0.04 (l
	Biotaq (5units/(l)
	0.8(l

	0.4(l
	10mM dntp mix 
	8(l

	3 (l
	Cresol Red
	60(l

	2 (l
	PCR water
	 40(l


· The PCR reactions are set up in 8 strip tubes by pipetting 9 (l of the master-mix into each tube already containing 1(l of pre aliquoted DNA.

· Amplification is carried out with a Veriti 96-Well thermal cycler (Applied Biosystems). 

· Thermocycling conditions are (Ramp times are set at 0.01 (1 sec)):

	Cycles
	denaturation
	annealing
	elongation

	1
	94oC for 4 min
	
	

	35
	94oC for 1 min 
	55 oC for 45 sec
	72 oC for 1 min

	1
	
	
	72 oC for 5 min


· To identify a polymorphism for the SNP marker, 10 l of each reaction is mixed together with 10l of denaturing buffer and denatured at 95 oC for 5 mins and then placed on ice

· Samples are then loaded on a 12% acrylamide gel (acrylamide/bisacrylamide ratio of 37.5:1) and run in 0.5x TBE (89 mM Tris-borate, pH 8.3, 2 mM Na2 EDTA) buffer at 100V for 24 h. (see Appendix and 2.2.4.1 for set up).
· The gel is post-stained with ethidium bromide (0.2 mg/ml), then viewed with ultraviolet light. SSCP  assays are easily scored visually due a size difference. The expected size for the the assay is 200bp.

	Sample 

No:
	SSCP 

Result
	Sample 

No:
	SSCP 

Result

	1
	
	9
	

	2
	
	10
	

	3
	
	11
	

	4
	
	12
	

	5
	
	13
	

	6
	
	14
	

	7
	
	15
	

	8
	
	16
	


2.2.4. Microsatellite analysis

Microsatellites are repetitive lengths of a simple sequence of DNA where the repeat unit is usually 1-6 base pairs. The length of these tandem repeat regions can vary in between individuals of one species but the sequences flanking the tandem repeats are highly conserved within a species. In microsatellite analysis, genomic DNA is PCR-amplified with primers, which are complementary to the conserved regions on either side of a tandem repeat region. The resulting PCR fragments will vary in length for genetically differing individuals depending on the number of tandem repeats. Usually, several gene loci, ie. microsatellite regions are analysed to obtain a characteristic pattern for each individual.  The relative abundance, co-dominant and highly polymorphic nature of microsatellites, and the ease of use, have made microsatellites invaluable molecular markers for use in genetic studies.  The use of microsatellites in a range of crop species has been reported for applications such as varietal identification, genetic diversity studies, genetic map development, and marker assisted selection. 

Analysis of microsatellites can be carried out in a number of ways depending on the difference in size between the alleles.  For smaller size differences (less than 4bp), one of the primers of the microsatellite PCR is labeled fluorescently or radioactively and the products visualised on a denaturing acrylamide gel.  For larger size differences (greater than 4bp), the products can be analysed on a non-denaturing acrylamide gel (usually 6-10%) or a Metaphor agarose gel (3-4%).

Mapping large populations however can be an expensive and time consuming process.  An approach   known to reduce time and cost is Bulk Segregant Analysis (BSA).  BSA is an effective method to map monogenic qualitative traits.  BSA involves the genotyping of two phenotypically distinct pools together with the parents to identify markers linked with the trait of interest.
In this experiment we will screen multiple markers on barley chromosome 2H to identify polymorphic markers for the samples previously extracted using the HTP method.

PCR reaction
Prior to using the HTP extracted DNA, samples need to be diluted 1:10 as inhibitors in the extraction effect the PCR.

· Each group will set up three master mixes for the same DNA, that is 1 96 well plate each.

	
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12

	A
	P1 
	P2
	15
	16
	P1 
	P2
	15
	16
	P1 
	P2
	15
	16

	B
	1
	2
	17
	18
	1
	2
	17
	18
	1
	2
	17
	18

	C
	3
	4
	19
	20
	3
	4
	19
	20
	3
	4
	19
	20

	D
	5
	6
	21
	22
	5
	6
	21
	22
	5
	6
	21
	22

	E
	7
	8
	23
	24
	7
	8
	23
	24
	7
	8
	23
	24

	F
	9
	10
	25
	26
	9
	10
	25
	26
	9
	10
	25
	26

	G
	11
	12
	27
	28
	11
	12
	27
	28
	11
	12
	27
	28

	H
	13
	14
	B1
	B2
	13
	14
	B1
	B2
	13
	14
	B1
	B2


The DNA order is to correspond with the multichannel for efficient loading. 

· Each group will get a chance to load singularly as well as double load samples, see table below.

	GROUP
	 
	SINGLE LOAD
	DOUBLE LOAD

	1
	
	Bmag749
	AWBMS56
	Bmac39

	2
	
	Bmag692
	GBM1462
	Bmac134

	3
	
	Bmag829
	Bmag141
	Bmac39

	4
	
	Ebmac571
	Ebmac415
	Bmag711

	5
	
	Bmag729
	Ebmac640
	GMS002

	6
	
	Bmac132
	HVM23
	HVM54

	7
	
	GBM1320
	GBM1121
	GMS032

	8
	
	Ebmatc39
	GBM1218
	GBM1208

	9
	
	Bmag518
	GBM1251
	GBM1225

	10
	
	GBM1475
	GBM1309
	GBM1365

	11
	
	GBM1498
	GBM1385
	GBM1459


· You will require a master-mix for 32 samples (4 rows of a standard PCR plate). To account for pipetting error, master mix sufficient for 40 samples should be prepared.

	volume per sample
	
reagent
	Master Mix 1
	Master Mix 2
	Master Mix 3

	1 (l
	10 x Polymerisation buffer Bioline)
	40(l
	40(l
	40(l

	0.3 (l
	50 mM MgCl2
	12(l
	12(l
	12(l

	1 (l
	Forward primer (10 pmol/(l)
	40(l
	40(l
	40(l

	1 (l
	Reverse primer (10 pmol/(l)
	40(l
	40(l
	40(l

	0.04 (l
	Biotaq (5units/(l)
	1.6(l
	1.6(l
	1.6(l

	0.4(l
	10mM dntp mix 
	16(l
	16(l
	16(l

	3 (l
	Cresol Red
	120(l
	120(l
	120(l

	1(l
	10% PVP
	40(l
	40(l
	40(l

	1.2(l
	PCR water
	48(l
	48(l
	48(l


· Amplification is carried out with a Veriti 96-Well thermal cycler (Applied Biosystems). 

· Thermocycling conditions are (Ramp times are set at 0.01 (1 sec)):

	Cycles
	denaturation
	annealing
	elongation

	1
	95oC for 3 min
	
	

	10
	94oC for 30 sec
	55 oC for 30sec

touchdown 0.5  oC
	72 oC for 1 min

	30
	94oC for 30 sec
	50oC for 30 sec
	72 oC for 1 min

	1
	
	
	72 oC for 5 min


2.2.4.1.   Non-denaturing Polyacrylamide gel electrophoresis

The microsatellite products are analysed by electrophoresis on non-denaturing polyacrylamide gels. After electrophoresis the gels are stained with ethidium bromide and DNA fragments are visualised on an ultraviolet light transilluminator. The gels are either photographed and examined visually or a computer image can be analysed with suitable software. 

· For this experiment, Protean II electrophoresis equipment (BioRad Laboratories) is used. However, the protocol can be adapted to each vertical electrophoresis equipment.

· The glass plates are cleaned thoroughly, dried and a “glass plate sandwich” is assembled with 1.5 mm spacers according to the instructions of the manufacturer. 

· A 6% acrylamide solution in 1x TBE buffer is prepared for 4 acrylamide gels in a beaker by mixing:


36 ml
Acrylamide/Bisacrylamide (19:1; 40% (w/v))

24 ml 
10x TBE (0.5 M Tris-borate, 10 mM EDTA, pH 8.3)

180 ml
Distilled water
(Acrylamide is a dangerous neurotoxin; gloves have to be worn at all times (see Safety, 2.1)).     The pouring of the 6% acrylamide solution will be demonstrated due to the dangers of acrylamide
· The polymerisation is started by the addition of 120 (l of TEMED and 1200 (l of freshly prepared 10% (w/v) ammoniumpersulfate (APS) and gentle mixing (avoid air bubbles!)

· The gel solution is poured slowly using a 25ml disposable pipette in between the glass plates while the glass plate sandwich is held upright in the gel casting tray. 

· If necessary, air bubbles are removed with a fine stripe of teflon material. A comb is inserted at the top of the glass plates.

· The gel is left to set for approximately one hour. 

· The comb is removed and the wells are washed out with 1xTBE.

· The glass plate sandwich is inserted into the electrophoresis chamber which is filled with electrophoresis buffer (1x TBE) and the comb is removed.

· An 8-channel p10 multichannel pipette is used to load 6.5 l aliquots of the microsatellite reactions into alternate wells of the gel. Each group will load two gels, one that is double loaded with two markers and the other single loaded.
· 3 (l of a DNA molecular weight marker (100bp ladder, Bioline) is loaded in a separate lane (APPENDIX)

· Electrophoresis is performed at 80V for overnight (16hr).

· The electrophoresis set up is dismantled and the gel is stained in a solution of ethidium bromide (0.2mg/ml) in electrophoresis buffer for 5 - 10 min (Ethidium bromide is a carcinogenic compound and gloves have to be worn at all times (see Safety, 2.1)).

· The gel is photographed on a UV-transilluminator (254 nm, face-shield, see Safety, 2.1) with a Polaroid camera or a computer image is recorded using the Fisher Biotech Gel-doc system.

· The procedure outlined above is the same for SSCP gels however different types of acrylamide solution are used together with the denaturing buffer, see Appendix for protocols
Results

	Variety 
	marker 1
	marker 2
	marker 3 

	1
	 
	 
	 

	2
	 
	 
	 

	3
	 
	 
	 

	4
	 
	 
	 

	5
	 
	 
	 

	6
	 
	 
	 

	7
	 
	 
	 

	8
	 
	 
	 

	9
	 
	 
	 

	10
	 
	 
	 

	11
	 
	 
	 

	12
	 
	 
	 

	13
	 
	 
	 

	14
	 
	 
	 

	15
	 
	 
	 

	16
	 
	 
	 

	17
	 
	 
	 

	18
	 
	 
	 

	19
	 
	 
	 

	20
	 
	 
	 

	21
	 
	 
	 

	22
	 
	 
	 

	23
	 
	 
	 

	24
	 
	 
	 

	25
	 
	 
	 

	26
	 
	 
	 

	27
	 
	 
	 

	28
	 
	 
	 

	Bulk 1 
	 
	 
	 

	Bulk 2 
	 
	 
	 


Wheat Mutation Assay
Wheat is a polyploid species that can be difficult to assay.  In this experiment a SNP marker was developed for herbicide tolerance to Imidazolinine.  The SNP marker has been engineered to be genome as well as allele specific, so that one reaction is required for each allele for a co-dominant assay (Li et al, 2008).
· Each group will set up four master mixes for the same DNA using 8 strip tubes and caps
· You will require a master-mix for 32 samples (2 rows of a standard PCR plate). To account for pipetting error, master mix sufficient for 40 samples should be prepared.

	volume per sample
	
reagent
	volume in

40-times master-mix

	1 (l
	10 x Polymerisation buffer 
(Bioline)
	  (l

	0.34 (l
	50 mM MgCl2
	  (l

	0.25 (l
	Forward primer (10 pmol/(l)
	  (l

	0.25 (l
	Reverse primer (10 pmol/(l)
	  (l

	0.06 (l
	Immolase Hot start taq
	  (l

	1.4(l
	5mM dntp mix 
	  (l

	3 (l
	Cresol Red
	  (l

	2.7(l
	PCR water
	  (l

	
	
	


Note the PCR set up requires a hot start taq enzyme and therefore needs an additional denaturation step
· Amplification is carried out with a Veriti 96-Well thermal cycler (Applied Biosystems). 

· Thermocycling conditions are (Ramp times are set at 0.01 (1 sec)):

	Cycles
	denaturation
	annealing
	elongation

	1
	95oC for 3 min
	
	

	10
	94oC for 40 sec
	59 oC for 45sec

touchdown 0.5  oC
	72 oC for 1 min

	30
	94oC for 45 sec
	54oC for 45 sec
	72 oC for 1 min

	1
	
	
	72 oC for 5 min


PCR products are visualised by electrophoresis on a 1.5% agarose gel with GelGreen. Scoring is based on the presence or absence of a band at approximately 390bp
Results

	DNA variety
	FS2 wild type
	FS2 mutant
	K42 wild type
	K42 mutant

	Variety 1
	
	
	
	

	Variety 2
	
	
	
	

	Variety 3
	
	
	
	

	Variety 4
	
	
	
	

	Variety 5
	
	
	
	


Multiplex Marker Demonstration
Microsatellite markers (SSRs) have been extensively used due to their high level of polymorphism and the ease of use.  They are routinely used for determining paternity, population genetics, recombination mapping and detecting mutations.  SSRs have been visualized either by acrylamide and agarose gels or through radioactive labeling. The development of Multiplex Ready Markers however enables fluorescent based SSR detection on automated DNA fragment analysers.  The method involves attaching a generic nucleotide sequence to the 5’ end of the forward primer which is fluorescently labeled, this is known as the tag primer.  The tag primer thereby enables fragments to be analysed, using different dyes and provides greater flexibility for multiplexing samples.
Multiplexing reduces the costs of analysis as multiple samples and markers can be coanalysed together.  Multiplexing is carried out by combining markers of different fragment size in a single reaction or by combining uniplex reactions post PCR.  Multiplexing various primers together however requires extensive PCR optimization and therefore post PCR pooling of products can be beneficial.
This demonstration will outline the work flow required for uniplex PCR and post PCR pooling of samples together with the use of the Biomek 3000 Robotics system to set up PCRs.  
· Select markers for analysis and determine ability to coanalyse using Binner software

· PCR amplification

· Dilution of PCR products

· Pooling of PCR products labeled with the same dye colour

· Pooling of the same DNA samples labeled with different dye colours

· Desalting of PCR products

· Samples are visualized by capillary gel electrophoresis and are carried out on the ABI 3730 DNA capillary sequencer.

· Analysis through gene mapper or gene marker software
Selection of Markers
Markers are selected based on size differences, markers that do not overlap can be coanalysed together.  With 4 different dye colours available, up to 6 markers can be selected per dye colour enabling a maximum of 24 markers to be screened per panel.  Once markers have been selected they can be entered into the Binner marker software to ensure that the sizes do not overlap.  Marker Binner produces can output which summarises how each marker is grouped, this file can also be used by genemapper as a panel file.
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PCR Set up

PCR amplification occurs in two phases.  In the first stage a locus primer containing a 5’ non-complimentary tag sequence is used. After the first phase this tag sequence is incorporated at the 5’ and 3’ ends.  In the second phase fluorescently labeled tag primers amplify the initial PCR products.  In this step exhaustive cycling ensures uniform yields of PCR products.  The stringent cycling parameters ensure Locus specific and Tag primers only amplify in their respective phases. 
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In the case where 96 samples were to be screened with 12 markers, uniplex PCRs would be set up and amplified using the PCR profile above. Below is the sample/marker configuration.  These plates have all been set up with an 8 channel multipipette.
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To save time and prevent pipetting errors, the above samples could be set up using a robot.  In the SABC we have a Biomek 3000 which can be programmed for PCR set up.  The Biomek 3000 can be programmed to dispense DNA and master mix for up to 6, 384 well plates at a time.  When programming this machine all labware must be specified first and can be adjusted on the deck screen by clicking on the individual components.
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For demonstration purposes only 2 master mixes will be dispensed across 192 samples.

      Transferring of the DNA template
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Transferring of the mastermix


Post PCR pooling
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Due to the sensitivity of the capillary sequencer, samples will be diluted and pooled so they are at a final dilution of 1/100.  The first step after the PCR is complete is to centrifuge plates and add 18(l of sterile water to every sample. Samples in the same dye label can now be pooled together.
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12(l of each sample and dye colour are pooled together in a new plate with a final volume of 36(l for VIC, FAM, NED and PET
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Different fluorescent dyes can now be pooled together.  The pooling of dyes is dependent on the capillary sequencer being used and is to compensate for differences in fluorescence of each dye.  For the ABI 3730 the ratio is 3:4:2:4 for VIC, FAM, NED and PET respectively.  Therefore 18(l of VIC, 24(l of FAM, 12(l of NED and 24(l of PET are pooled together in a new plate.
Desalting and Visualisation of Products
After the pooling steps, it is necessary to desalt to remove ions which may interfere in the uptake of samples into the capillary.  This involves pre wetting an AcroPrep 384 well filter plate, adding the pooled samples and then vacuuming to remove unnecessary salts.  Samples are later resolubilised by adding sterile water.
To prepare samples for the capillary sequencer, 0.08l of GeneScan500-LIZ size standard and 8l of Hi-Di formamide are added to each well together with 3ul of each sample.  These plates are then analysed using the ABI 3730.

Appendix
Buffers for quick extraction protocol
Buffer I- 200 mM Tris-HCl pH 8, 250mM NaCl, 25mM EDTA pH 8
Buffer II- 5% SDS

Resuspension buffer- 0.1x TE buffer

Cresol Red

Dissolve 500mg of dye powder to 50ml of distilled water (1% cresol red dye)

To make the working solution:

Dissolve 2ml of 1% cresol red dye together with 17g of sucrose and 48ml of MQ water

Mix the solution and filter sterile using a 0.2um filter

Aliquot the filtered liquid and store at -20 oC

6% acrylamide gel (19:1) to make one gel 
	10 xTBE
	6ml

	Water
	45ml

	Acrylamide (40% 19:1)
	9ml

	Temed
	60(l

	10% ammonium persulfate
	300(l


Denaturing Buffer
10ml of deionised formamide

10mg Xylene Cyanol F.F

10mg Bromophenol Blue

200(l of 0.5M EDTA pH 8.0

Mix the ingredients together and store in the fridge

12% SSCP acrylamide gel (37:5:1) to make one gel
	10 xTBE
	3ml

	Water
	39ml

	Acrylamide (40% 19:1)
	18ml

	Temed
	100(l

	10% ammonium persulfate
	300(l


Bioline Hyperladder IV
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